Background: Guidelines recommend a single postoperative instillation of intravesical chemotherapy within 24 hours of transurethral resection of bladder tumors (TURBT) in patients with low-and intermediate-risk non-muscle invasive bladder cancer (NMIBC) to reduce recurrence risk. Objective: To evaluate the 2-year recurrence rate (2-YRR) of bladder cancer in randomized patients with Ta, G1-G2 histology who receive TURBT plus apaziquone versus TURBT plus placebo. Methods: Two nearly identical Phase 3, multinational, randomized, double-blind, placebo-controlled trials were conducted in patients with histologically confirmed Ta, G1-G2 NMIBC (Target Population) to evaluate the efficacy/safety of a single instillation of apaziquone post-TURBT. A single intravesical instillation of apaziquone (4 mg/40 mL) or placebo was administered within 6 hours post-TURBT. The primary and secondary efficacy endpoints were 2-YRR and time to recurrence (TTR) respectively. 
INTRODUCTION
Approximately 70% of newly diagnosed cases of bladder cancer are categorized as non-muscle invasive bladder cancer (NMIBC), which is initially treated with transurethral resection of bladder tumor (TURBT) [1] . Although the survival rate for the majority of patients with NMIBC is favorable [2] , about 50% of patients with low-grade Ta disease are expected to have a recurrence within 5 years [1] .
All international guidelines [1] [2] [3] [4] [5] recommend that patients with low-risk NMIBC and some with intermediate-risk NMIBC receive a single intravesical dose of chemotherapy immediately post-TURBT to reduce the risk of recurrence. To date, there has been no FDA-approved drug for this indication. Mitomycin C (MMC), epirubicin, and other antineoplastics, such as doxorubicin, are used "off-label," but none of these drugs are specifically formulated for intravesical use.
Apaziquone is a fully synthetic bioreductive alkylating agent. It is a pro-drug that is enzymatically activated by DT diaphorase (DTD) and other reductases to generate cytotoxic species that lead to apoptosis and cell death. Several tumor types, including bladder tumors, have elevated DTD levels. Apaziquone has demonstrated potent antitumor activity in both in vitro and in vivo tumor models [6] . Moreover, apaziquone has demonstrated 30 to 100 times more potent activity than MMC in bladder cancer cells [7] . Based on encouraging preclinical activity, initial clinical development of apaziquone was undertaken by the European Organization for Research and Treatment of Cancer (EORTC). However, apaziquone did not show any appreciable activity when administered intravenously, due to rapid elimination of the drug from systemic circulation and poor drug delivery to tumors [8] .
Direct evidence of the antitumor activity of apaziquone in NMIBC was provided in two Phase 1/2 marker lesion studies, in which patients received an intravesical instillation of apaziquone (4 mg in 40 mL) once a week for 6 weeks, starting 2 to 4 weeks after TURBT. In these marker lesion studies, apaziquone was well tolerated, and in each study, 67% of patients achieved a complete response [9, 10] . This compared favorably to studies of other intravesical agents in which only 26% to 46% of patients reported complete response [11, 12] . Given the evidence of efficacy in NMIBC in the marker lesion studies, two pivotal, Phase 3, multicenter, randomized, doubleblind, placebo-controlled studies were conducted to evaluate the efficacy and safety of a single intravesical instillation of apaziquone immediately post-TURBT in the treatment of patients with Ta, G1-G2 NMIBC. This paper presents findings from the two pivotal studies with the hypothesis that administration of apaziquone reduces the 2-year recurrence rate (2-YRR) in NMIBC patients.
PATIENTS AND METHODS

Study designs and eligibility
SPI-611 and SPI-612 were Phase 3, double-blind, placebo-controlled studies of nearly identical design and were conducted between April 2007 and January 2012. The SPI-611 study was conducted at 76 sites in the US and 7 sites in Poland; and the SPI-612 study was conducted at 23 sites in the US, 30 sites in Canada, and 20 sites in Poland. The protocols were approved by Local Research and Ethics Committees and signed informed consent was obtained from all study patients. Eligible patients were 18 years of age or older with clinically apparent stage Ta, G1-G2 (World Health Organization [WHO] 1973 classification [13] ) urothelial cell carcinoma (UCC) of the bladder.
Patients who signed informed consent underwent cystoscopy to determine clinically apparent stage Ta, G1-G2 NMIBC. However, the analysis population to be studied (Ta, G1-G2 NMIBC) was based on the pathological confirmation of the resected tumor specimens from TURBT procedure performed after randomization. Eligible patients underwent a TURBT procedure and were randomized in a 1 : 1 ratio to receive either placebo or apaziquone. The Target Population was defined as patients having ≤4 histologically confirmed tumors to be Ta, G1-G2 by the central laboratory using the WHO 1973 classification, each ≤3.5 cm. Urine cytology was performed at time of follow-up cystoscopy but was not for eligibility. Patients in the Target Population were to receive no further treatment for NMIBC, while patients with tumor histology other than Ta, G1-G2 were treated per standard of care. All patients were evaluated cystoscopically every 3 months for 2 years for tumor recurrence. All recurrences were confirmed histologically by the central laboratory.
Treatments administered and instillation regimen
All visible lesions were removed by TURBT at study entry. Within 6 hours of TURBT, and if there was no reported or suspected bladder perforation, a single dose of either apaziquone (4 mg in 40 mL) or matching placebo (containing FD&C red dye #40, sodium chloride and mannitol and supplied in identical vials) was instilled into the bladder via an indwelling Foley catheter and was retained in the bladder for 60 minutes. Patients were monitored during medication retention. At the end of the retention period, the bladder was drained.
Statistical analysis
In both studies, the primary efficacy endpoint was the 2-YRR of bladder cancer, which was defined as the proportion of patients with a histologically confirmed bladder tumor any time after randomization and on or before the end of 2 years and was analyzed using odds ratio (OR) and Cochran-Mantel-Haenszel chi-squared test. The key secondary efficacy endpoint was time to recurrence (TTR), which was defined as time from randomization to the date of the first histologically confirmed recurrence of bladder tumor and was analyzed using hazard ratio (HR) and KaplanMeier estimates and log-rank test. Multivariate and post hoc subgroup analyses of efficacy endpoints (2-YRR and TTR) were performed to identify covariates and patient subgroups that affected the pre-specified efficacy measures. The covariates and subgroups were gender, age, smoking history, country, primary or recurrent tumor, prior intravesical therapy (IVT), number of tumors, tumor grade, size, and time window of instillation post-TURBT. All statistical analyses were performed using SAS software, v9.3. All p-values presented for this study are nominal pvalues. Corresponding 95% confidence intervals (CI) for OR and HR are presented in Figures.
Sample-size calculations for these studies were based on the recurrence rates reported in a metaanalysis in 2004, which showed recurrence rates of 48.4% for TURBT alone and 36.7% for TURBT plus intravesical therapy [14] . The studies were designed to detect a 12% difference between apaziquone and placebo in 2-YRR at a 5% level of significance and 80% power.
RESULTS
Data from two Phase 3 studies are provided by study as well as pooled for baseline patient characteristics, primary analysis, and safety. Consolidated Standards of Reporting Trials Diagrams are provided for the individual trials (SPI-611 and SPI-612) (Supplementary Figure 1) and for the pooled data (Supplementary Figure 2) . A total of 1614 patients from the two studies (apaziquone n = 808, placebo n = 806) were enrolled and included in the Safety Population. Among them, 1146 patients (apaziquone n = 577, placebo n = 569) with Ta, G1-G2 bladder tumors were identified as the Target Population for efficacy.
Patient demographics and baseline characteristics for the target population are presented in Table 1 . Patient demographics between treatment groups in both studies were similar. The majority of patients were male (71.6%) and White (97.2%) and the mean age was 66.7 years. In the Target Population, 62.2% patients had primary bladder cancer, 62.8% had only one lesion at baseline, 74.1% had G1 tumor and 84.6% had no prior intravesical therapy (IVT). About 40% of patients had drug instilled within 30 minutes post-TURBT, 18.9% between 31 and 90 minutes, and 41.3% after 90 minutes. Most patients retained the full 40 mL volume of drug (99.6%) in the bladder for the protocol specified duration of 60 minutes (86.5%). A full summary of patient demographics is 
Efficacy
2-Year Recurrence Rate and Time to Recurrence
In both studies, the primary endpoints were not met although studies showed 6.7% (38.0% vs. 44.6%) and 6.6% (39.7% vs. 46.3%) reduction in 2-YRR in patients treated with apaziquone (Fig. 1a) . The exploratory pooled analysis of the two identical studies showed significant reduction in 2-YRR of 6.7% (OR 0.76; p = 0.0218) (Figs. 1a, 3a) .
Similarly, the Kaplan-Meier curves showed improvements in TTR in the apaziquone group over placebo over the 2-year follow-up period in both studies (Fig. 2a) . The improvement was significant in SPI-611 (HR 0.77; p = 0.0412) but was not significant in SPI-612 (HR 0.81; p = 0.1038) (Fig. 3a) . The exploratory pooled analysis showed a significant improvement in TTR (HR 0.79; p = 0.0096). Since fewer than 50% of patients experienced a recurrence, a median TTR could not be calculated; however, using the first quartile (25%) of recurrence in both groups, the TTR was 3 to 5 months longer for patients receiving apaziquone compared to placebo.
Time of instillation
Since apaziquone is known to be inactivated by red blood cells and TURBT is associated with varying degrees of postoperative hematuria, the impact of time of instillation was investigated during the multivariate and post hoc subgroup analyses. A threshold of 30 minutes from end of TURBT (≤30 and >30 minutes) was chosen for this investigation. Since this finding could influence the use of apaziquone in the clinic setting, the time stratified analysis is an important consideration in the analysis of efficacy.
It was found that apaziquone instilled within 30 minutes post-TURBT provided no benefit in reducing recurrence in both studies and overall (apaziquone n = 233, placebo n = 223; OR = 1.05; HR = 1) (Figs. 1b, 2b, 3b) . However, when apaziquone was given after 30 minutes post-TURBT, the 2-YRR pooled analysis showed a reduction of 11.9% (25.5% relative reduction) with 34.9% (120/344) recurred in apaziquone and 46.8% (162/346) recurred in placebo (OR = 0.61, p = 0.0014) (Figs. 1c, 3c ). For TTR, significant improvements in hazard ratios were demonstrated in both studies with a 33% reduction overall (HR = 0.67, p = 0.0007) (Figs. 2c, 3c) .
It was further identified that when apaziquone was instilled within 31 to 90 minutes, the reduction in recurrence and improvements in TTR were significant in both studies. The reduction in 2-YRR was 20.3% (23.3% vs. 43.6%) in SPI-611 and 20.8% (33.3% vs. 54.1%) in SPI-612 (Figs. 1d, 3d) . The first quartile of TTR was extended for 8.4 months from 6.8 months in the placebo group to 15.2 months in the apaziquone group, and the reduction in hazards for TTR was 56% and 45% respectively in two studies, and 52% overall (HR = 0.48, p = 0.0009) (Figs. 2d, 3d ).
Other subgroup analyses
As presented in Supplementary Figure 3 using OR and HR with 95% CI, the subgroup analyses showed that apaziquone was favored, regardless of patient demographics or country of enrollment, whether the tumor was primary or recurrent, single or multiple, and Grade 1 or Grade 2.
Additional subgroup analysis indicated reductions in 2 The reductions in apaziquone group were 6.3% and 6.4% in pTa G1 and 5.7% and 10.2% in pTa G2 patients in two studies respectively.
Safety
The incidence of adverse events (AE) was similar between the two treatment groups, with the most common treatment-related AEs in the apaziquone and placebo groups being dysuria (4.6% vs 4.1%), bladder spasm (1.4% vs 1.1%), micturition urgency (1.4% vs 2.0%), bladder pain (1.2% vs 0.5%), hematuria (1.0% vs 1.7%), urinary tract infection (1.0% vs 0.1%), and pollakiuria (0.7% vs. 1.9%). All the other treatment-related AEs were reported in <1% patients in both groups.
DISCUSSION
Current guidelines for treatment of patients with low-grade Ta NMIBC support instillation of chemotherapy into the bladder following TURBT [15, 16] . Physicians' low adoption of the use of a single post-TURBT chemotherapy treatment may be due not only to the perceived toxicity associated with currently available agents, such as MMC, but also, in large part, to the lack of FDA-approved drugs for this indication [11] . It should be noted that none of the existing antineoplastic drugs are formulated for intravesical use.
Two large pivotal Phase 3 trials, SPI-611 and SPI-612, were conducted to evaluate the treatment effect of apaziquone compared with placebo. The treatment effect of a 12% reduction in 2-YRR was used to power the pivotal studies based on a meta-analysis that included seven studies in which the treatment effects were highly variable, as observed by a significant test of heterogeneity (χ 2 = 14, df = 6, p = 0.03) [14] . Our studies were not successful in meeting the pre-specified 12% improvement in 2-YRR due to the potential underpowering of the study for lack of effect in patients receiving drug within 30 minutes of instillation.
When apaziquone was instilled within 30 minutes post-TURBT, the treatment effect was no different from placebo. The lack of efficacy observed in patients who were instilled within 30 minutes post-TURBT may be explained by inactivation of apaziquone by blood that is present after surgery. Similarly, lack of efficacy of apaziquone when drug was administered intravenously was attributed to inactivation of the drug by blood. Approximately 40% of the patients in these studies were treated within 30 minutes and, therefore, reduced the statistical power of the study due to diminished efficacy. In contrast, when apaziquone was instilled after 30 minutes and before 6 hours post-TURBT, the difference in the 2-YRR, although underpowered, was 10.2% and 11.7% in both studies, almost the same as the effect originally proposed in the study design.
When instilled between 31 and 90 minutes post-TURBT, the difference was significant and was further expanded to 20.3% and 20.8% in both studies. The HR for TTR was also improved to 0.67 when treatment instilled after 30 minutes and to 0.48 if instilled between 31 to 90 minutes post-TURBT in the pooled analysis. The benefit of apaziquone instillation after 30 minutes post-TURBT was consistent in individual studies and throughout the various patient subgroups within each study. The even larger benefit of apaziquone within 31-90 minutes was also consistent between the two studies.
Based on the findings from the two pivotal studies and pooled data, a new Phase 3, multinational, randomized, double-blind, placebo-controlled trial (NCT03224182) to evaluate the efficacy of apaziquone instilled within the potentially optimal window of 60 ± 30 minutes post-TURBT is currently recruiting. The new study will assess the importance of the time window for adjuvant treatment post-TURBT for apaziquone [17] [18] [19] .
CONCLUSIONS
Given the current challenges in the management of NMIBC, including rising incidence, especially among the elderly with comorbidities, high recurrence rates, and concerns regarding global supplies of current therapies, new safe and effective therapies specifically formulated and approved for the intravesical treatment of low-and intermediaterisk NMIBC represent an unmet need [20, 21] .
Although two Phase 3 global studies did not individually meet the pre-specified efficacy, two studies individually showed similar treatment effect with the single intravesical instillation of apaziquone (4 mg in 40 mL) post-TURBT and the drug was well tolerated in patients with Ta, G1-G2 NMIBC. Furthermore, there were larger reductions in the 2-YRR and improvements in TTR in the subset of patients who received apaziquone between 31 and 90 minutes post-TURBT. This suggests that the optimal time for apaziquone administration may be 60 ± 30 minutes after TURBT which requires further study. 
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